Abstract:
A Ku-band tunable oscillator operated at and below 77 K is described. [5, 6] . This paper reports on the design and performance of a prototype cryogenic ferroelectric/PHEMT oscillator using a metallic rather than a superconducting resonator at this time. 
TUNABLE RING RESONATOR

VD
favorably to conventional varactor-loaded tings [8] . For comparison, the resonator used in [5] , which was kept at room temperature but coupled to a cryogenic PHEMT, had a loaded Q of 160. 
The outer circle
PSEUDOMORPHIC HEMT CHARACTERIZATION
VOLTAGE CONTROLLED OSCILLATOR DESIGN
The PHEMT portion of the VCO was constructed on 0.25 mm thick A120 3 and is shown in the right half of A particular operating temperature of 43 K was chosen to provide the maximum field induced tunability of the SrTiO 3. For testing purposes, both circuits were attached to a brass fixture with conductive epoxy. The fixture was inserted into the vacuum can of a closed-cycle He gas refrigerator equipped with semi-rigid coaxial cables.
RESULTS
AND CONCLUSIONS
Changing the bias on the ring from 0 to 38 V varied the oscillator frequency by about 100 MHz around the center frequency. Figure 4( [5, 6] . This paper reports on the design and performance of a prototype cryogenic ferroelectric/PHEMT oscillator using a metallic rather than a superconducting resonator at this time.
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TUNABLE RING RESONATOR
A ring resonator fabricated from a multilayer structure comprised of an evaporated Au film with nominal thickness of 2 btm, an evaporated 15 nm thick titanium adhesion layer, and a 2 _xn SrTiO 3 film deposited by laser ablation onto a (100) LaA103 substrate (254 lxm thick), is used as the stabilizing element in the VCO. A standard lift-off etching process was used to pattern the circuit. The ring resonator, which is three guide wavelengths in circumference at the primary operating frequency, is shown in the left half of Fig. 1 . The characteristic impedance of the microstrip ring was 25 f2. This impedance was carefully chosen and nearly optimal in the sense of providing minimum conductor loss (to improve Q) while avoiding higher order mode problems. The ratio of microstrip width to mean radius of the ring was 0.24, and the dominant (quasi- TEM) mode was TM310 (no azimuthal magnetic field component) [7] . The estimated maximum unloaded Q was about 500 compared to less than 200 for a 50 i') ring. These values compare II 1 mm Figure 1 .mLayout of the complete VCO.
VD
favorably to conventional varactor-loaded rings [8] . For comparison, the resonator used in [5] , which was kept at room temperature but coupled to a cryogenic PHEMT, had a loaded Q of 160.
The outer circle represents the location of the SrTiO 3 after selective etching with 7% hydrofluoric acid. The ring is tuned by applying a dc electric field to the SrTiO 3 film. Bias is applied via a 25 t.tm diameter Au wire bonded by thermal-compression near the 12:00 position on the ring (i.e. a virtual short circuit position). It has been shown that the dielectric constant (er) of the SrTiO 3 film varies nonlinearly from 300 at 295 K to as much as 5000 below 77 K [9] . At cryogenic temperatures e r can be made to approach the room temperature value with the dc bias. That is, tuning to lower (higher) resonant frequencies is achieved by decreasing (increasing) the magnitude of the dc bias applied to the ring. Frequency shifts of 12% at 16 GHz have been measured at 77 K with a bias of 450 V [10] . Figure 2 shows the magnitude of the insertion loss as a function of bias. The resonator was characterized using the test fixture and techniques described in the next section. The measurements are referred to the edge (input) of the 1 cm long circuit. Note that the sharp resonances are maintained by controlling the potential of the microstrip line as well as the ring, relative to the back plane at dc ground. That is, the coupling coefficient of the side coupled resonator can be controlled as well as the resonant frequency in order to operate at an optimal point or "sweet spot" Resonance splitting, which often plagues side-coupled resonators,
was not a problem [ 11 ] .
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VOLTAGE CONTROLLED OSCILLATOR DESIGN
The PHEMT portion of the VCO was constructed on 0.25 mm thick AI20 3 and is shown in the right half of Fig. 1 . The circuit pattern was defined using a standard additive, as opposed to etchback, Au electroplating process. The PHEMT leads were carefully trimmed so that it fit snugly into the region indicated. Since the PHEMT was unconditionally stable as tested, an inductance was inserted between the source and ground. An iterative computer routine was used to vary the Fig. 1 , the impedance looking into the drain was -24.9 + j47.7 or F = 1.6. The drain matching circuit shown in Fig. 1 
